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■METHOD FOR INDUCING HUMORAL -^^^^^^S^.l^l'l^^o^tt^^ 
UTILIZING INTRACELLULAR DELIVERY OF Fhf I luc ^kj 

vit=.^r\ of ' -^'^ Tnwntion 

The present invrention relates to the field of 
delivering biological material into cells and more 
particularly to the induction of immunologxcal 
" Telpon^e the delivery of proteins and peptides .oth 
intraoellularly and extracellularly into anrmal 
tissues . 

n^^Wrrround Tnvention 

15 induction of an immune response, whether 

cytotoxic or humoral, is typically achieved by 
delivery into the target animal of a quantity of the 
substance against which the immune response is 
desired. Small amino acid chains, or protexn sub- 
20 units, termed peptides, often are i--^^^^/ °^ 

eliciting an immune response when injected into a 
Inimal to be immunized. To overcome that limitation, 
the peptide antigen is often coupled to a . . 
p'oteinaceous carrier or other molecule functioning as 
25 a hapten. The carrier -coupled or hapten-coupled 

peptide is typically introduced intramuscularly or 
!ntraperitoneally in the presence of an -^l^l^^l' 
Whereupon both portions of the — ^-^^^^/^^^^^'^'^^ 
contribute to the induction of an immune response. 
30 This method can be effective, but suffers 

shortcomings in that the coupling ^^'^^^^^^^^^ 
immunogenic determinants of the protein such that the 
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immune response generated is not protective against 
the native pathogen against which protection is 
sought. Also, while such an immunization produces a 
humoral (i.e. antibody) immune response, it does not 
produce a cell -mediated cytotoxic immune response 
This same limitation occurs with the injection of 
whole proteins into animals. Therefore, it has been 
desired to achieve carrier-free induction of an immune 
response using a protein or peptide. 

Many have tried to direct particular immune 
responses by introducing short peptide portions of 
larger proteins as immunogens without the use of an 
adjuvant. Typically, however, these immunogens have 
been coupled to "larger protein carriers." while 
peptides are generally less immunogenic than whole 
antigenic proteins, shorter peptide fragments may be 
advantageous when used as vaccines because they may 
allow certain epitopes to be present without other 
immunosuppressant epitopes. 

In addition to modifying the nature of the 
peptide, much effort has been directed to identifying 
adjuvants that are compatible with human therapy The 
commonly used experimental adjuvant, Freund's complete 
adjuvant, while allowed for animal studies, has strong 
side effects that preclude its use in humans. 

Attention is also focused on the use of short 
peptide fragments of larger proteins as immunogens 
The use of synthetic peptides would cut costs and 
increase the purity of immunogens. However, results 
have been mixed in generating antibodies that 
recognize native proteins from synthetic peptide 
immunogens. Moreover, no one has heretofore 
successfully devised a method for delivering carrier 
free synthetic peptides in a manner that results in 
the induction of a full immune response. The negative 
results have been blamed on inadequate conjugate 
stability, alteration of antigenic reactivity after 
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coupling, and selection of antibodies that recognize 
the peptide-carrier conjugate, but not the peptide 

alone. _ 

Rousseaux-Prevost et al . , Molernlar Tn^mvnoloqy , 

5 28-943-949 (1991) have demonstrated the production of 

antibodies from carrier free synthetic peptides of 

human protamines after injection. However, these 

authors performed their experiments in the presence of 

unconjugated bovine serum albumin and did not detect a 

10 cytotoxic response. 

Tang et al . , J. Vird • > 62:4745-4751 (1988), have 
shown that an uncoupled decapeptide was able to elxcxt 
specific antibody and T helper cell responses after 
intraperitoneal injection. It was the understandxng 
15 of those authors that a certain epitope present on a 
decapeptide but not on shorter variants of the 
Teca^e^tide, was effective as a T -^P— 
epitope that functioned in a manner comparable to a T 
helper cell epitope normally present on a conDugated 
20 carrier molecule. While the art had thought xt 

sufficient to couple synthetic B-cell epitopes to 
carriers containing T helper cell epitopes, that 
approach has been demonstrated to be undefendable xn 
light of reports of carrier- induced epitopxc 
25 suppression which can modulate B-cell activatxon 

The induction of cytotoxic T-cells was reported 
after inoculation with certain influenza hemagglutinin 
fragments . Sites on such peptides have been 
identified that are recognized by class- I MHC- 
30 restricted cytotoxic T- lymphocytes . Cytotoxic T- 
lymphocytes are also known to recognize P— 
a^igenic fragments, and this has been shown xn the 
case of fragments of the nucleoprotein of the 
influenza virus by Townsend et al., P£2a_^li^' 
3S ;.:10 (1985) and Townsend et al . , ^ ^^^^^ ^ 3,, 

However, Milich, Ai^rnnro^ in TrnmunQlogy. 45:195 (1989) 
reports no successful ii^ induction of cytotoxic 
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T- lymphocytes by peptides. Milich laments this 
shortcoming in the art saying that "the recent 
findings that peptide fragments can sensitize target 
cells for lysis by CTLs--and indeed induced CTLs in 
Yitro whereas intact proteins cannot --suggest the 
possibility that peptide antigens may be used to prime 
CTLs in vivQ if an effective delivery system can be 
devised." i^. at 252. 

Therefore, it is apparent that no strategy for 
delivering protein or carrier-free peptide immunogens 
will be optimally applied in the area of vaccination 
until a suitable method for inducing humoral and 
cellular immune responses is developed that is 
effective, affordable and safe. 



Summaipy of the Invention 
The present invention is summarized in that 
humoral and cellular immune responses can be induced 
after direct delivery into target cells of peptides or 
proteins immobilized on biologically inert, non- 
20 biological particles. 

It is an object of the present invention to 
provide a method for inducing both a humoral and a 
cell -mediated immune response in an organism by direct 
introduction of biological carrier-free peptides or 
5 proteins into cells. 

It is a feature of the present invention that 
antigenic determinants of a peptide can be retained 
after direct intracellular delivery of the peptide 
into target cells according to the method. 
0 It is an advantage of the present invention that 

delivery of the immunogen is rapid and efficient. 

It is another advantage of the present invention 
that the method appears equally applicable to peptides 
of all sizes ranging from very small peptides to large 
5 proteins. 

Other objects, advantages and features of the 



PCT/US95/14698 

WO 96/14855 

-5- 

present invention will become apparent upon 
consideration of the following detailed description. 

P^.^^ n^or^vinric- ^>^" Drawings 
Fig 1 is a schematic depiction of an apparatus 
5 that can be used in connection with the present 

method . _ 

Fig. 2 is a graphical representation of some of 

the results of Example 5. 

Fig. 3 is a graphical representation of some of 

10 the results of Example 5. ^ ^ 

Fig. 4 is a graphical representation of some of 

the results of Example 5. 

ni I lilri r -^r^^^r. of the Tnv?htion 

in the present invention, copies of one or more 
X5 immunogenic peptides or proteins -"-^^'^ 

plurality of biologically inert carrier P-t-les. 
The particles bearing the immunogenic peptides or 
proteins are delivered into a plurality of s.m cells 
Of a target animal whereupon a measurable immune 
.0 response is induced. No carrier protein or adjuvant 
is rec^ired and the peptide delivery ^l--^ ^oth a 
humoral and a cytotoxic immune response in the treated 

animal. ^ . . 

in this application, an irnmunogenxc 
intended to enoon^as. any biological -noiecu tha h.. 
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r arofit; st-^ctu^e an a.ino aoi. Cain o. 

s:«i=ient length and suitable se^ence to induce a 
i.n,une response in accord with the present 
This is specifically intended to encompass molecules 
generally known as peptides, polypeptides, and 
proteins as well as .nolecules that include pept.de 
polypeptide or protein portions in their . 
Lcras glycopeptides. Although the 
herein to have differing meaning, i.e. peptides are 
s!"units of proteins, all such molecules are intended 
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to fall within the scope of the present invention. 

The immunogenic peptide may range in length from 
a few amino acids to a full length protein or complex 
of a protein or proteins. It is also envisioned that 
the method may be used with complex mixtures or 
structures that contain antigenic peptides or proteins 
such as cellular antigens from pathogens or viral 
capsids or coat protein antigens. The peptide must be 
of sufficient length to include at least one epitope 
or determinant that can be recognized as foreign in 
the target animal's immune system and can induce 
either a B-cell or a T-cell response. T-cell 
responses can include inducing cytotoxic T lymphocytes 
(CTL) or T helper cells, or other T-cell 
15 subpopulation. It is intended that peptide sequences 
used can include a plurality of determinants directed 
to T- or B-cell activation, or both. As the length of 
the peptide increases and the number of determinants 
increase as well, analysis of the induced immune 
response can become increasingly complex. Of course, 
the number of determinants on a particular polypeptide 
will vary with its primary, secondary and tertiary 
structures and with its length. 

Peptides introduced in this method induce a 
cellular as well as an antibody immune response. As 
is shown in the Examples below, a peptide of nine 
amino acids in length is adequately long to induce 
both B- and T-cell responses in this method. 

The immunogenic peptide can be a naturally 
occurring peptide, mimic a peptide found in nature, or 
have unique features lacking in nature. For example, 
it could be a non -naturally occurring peptide produced 
^" ^^^^^ standard genetic engineering practices, 

a synthetic peptide or a cleavage product of any such' 
35 peptide. A synthetic peptide can be synthesized 
chemically from individual amino acids or from a 
plurality of shorter peptides. 
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The choice of immunogenic peptide can be made by 
reference to existing information about determinants 
of known peptides or can be predicted from structural 
analysis of primary amino acid sequences. The art xs 
5 cognizant of various methods for predicting the three 
dimensional structure of a peptide on the bas.s of 
known properties of component amino acids. From a 
hypothesized three dimensional structure, one can make 
informed predictions about the immunogenicity of 
10 particular portions of a peptide molecule. 

The method is believed to be operative for any 
peptide sequence, without regard to its origin. The 
peptide sequence can derive, for example, f rom vxral 
fungal, animal, plant, or microbial protein, sxnce the 
15 processes involved in producing an immune response 
within an animal do not depend upon the source of 

The immunogenic peptide is attached to partxcles 
that are sufficiently small that they can be delxvered 
20 directly through cell membranes without lastxng 
damage. The art is generally cognizant of the 
desirable properties of particles used for Partxcle 
acceleration into cells. The particles should also 
have sufficient density to acquire adequate momentum 
25 during acceleration to be able to pass directly xnto 
cells High density metal particles of 0.5-5 mxcrons 
in size are preferred. Most preferred are amorphous 
gold particles of 0.5-3 microns in size, referred to 
hereinafter as gold powder. Gold spherical Part.cles 
30 may also be satisfactorily used. Other partxcles that 
Jn be used in a particle acceleration apparatus are 

known to the art. ^ ^ ^y,^ 

The peptide molecules can be attached to the 
carrier particles either by simply mixing the two xn 
35 an empirically determined desirable ratio or by 
Chemically coupling the peptide to the ^^^"^^ 
particles. Chemical coupling of a peptxde to carrxer 
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particles can allow the coupled peptide to present an 
antigenic site having a desired tertiary structure 
The coupling of L-cysteine residues to gold (o) , (i) , 
and (III) is described by Brown and Smith, -The' 
Chemistry of the Gold Drugs," Chemical q,...,^^^ p^.h 
9:271-311 (1980). ^^"^ 

In a preferred method, the peptide is dissolved 
m absolute ethanol or water or an alcohol/water 
mixture and a known quantity of the peptide is added 
to a known quantity of the carrier particles The 
mixture is dried under a stream of air or nitrogen gas 
while vortexing. Alternatively, the peptide can be 
dried onto the carrier particles by centrifugation 
under vacuum or precipitated onto the carrier 
15 particles. Once dried, large clumps of gold particles 
coated with peptides form. The dried carrier 
particles coated with peptide are re-suspended in 
ethyl acetate. Resuspension is aided by breaking the 
clumps with a pipette tip followed by water bath 
sonication until the suspension is uniform. 

A desired amount of the uniform peptide -coated 
carrier particles are then prepared for delivery into 
target skin cells. It is generally convenient that 
the peptide be prepared for delivery in a pre-measured 
form, such as fixed in a form appropriate for the 
desired dosage, or some fraction thereof. The amount 
of particles needed to induce cytotoxic and humoral 
response upon delivery can depend upon the loading 
rate of the peptide on the particles. it may be 
necessary to adjust the absolute amounts of material 
delivered into the target cells to account for 
differences in peptide length. For any given peptide, 
titrations of varying amounts of peptide per particle 
and varying numbers of particles per delivery are 
recommended. it has been determined empirically that 
two doses of about 5 ^g of a nine amino acid influenza 
peptide can be sufficient to induce the desired immune 



20 



5 



PCT/US95/14698 

WO 96/14855 

-9- 

response. It is likely that smaller total dosages, as 
low as 1 or 2 /xg. or higher dosages, up to 100 ,xg. 
would also work. The experience of the inventors 
indicates that there is an optimal loading rate, below 
5 which the immune response is reduced and above whxch 
no linear increase in response is observed. It xs 
understood that the induction of immune responses wxll 
likely vary somewhat with the immunogenicity of the 
polypeptide used and possibly with the peptide 
,0 mol^ular weight. The need for optimization of the 
delivered protein dosage, like that of any 
pharmaceutical, is to be expected. 

^ various particle acceleration devices are known 
and the choice of one over another is not critical. 
15 The current device designs employ an explosxve, 

electric or gaseous discharge to propel the coated 
carrier particles toward the target cells. The 
carrier particles can themselves be releasably 
attached to a movable carrier sheet or can be 

- removably --ti:trngVh:Ta::i:r fr Trface 

:::::: rra^er^:! u... ^s^^^T'^ 

device is described in D.s. patent 5,204,253. An 
explosive-type device is described in U.S. Patent 
„ n 5 50. example of an electric ^l-^-^-^^' 

partible acceleration apparatus is the ACCELL 
Instrument manufactured by Agracetus, «^^'^^"°°;^ 
Wisconsin which is described in O.S. ^"^"^^^"^ 
5,120,657. Another electric discharge -PP-"^"^J^ 
30 Lcrlbed in O.S. Patent Number 5,149,655. All of 
" These patents are incorporated herein by reference 
in this work, an electric discharge apparatus 
like that of OS patent 5,149,655 was used and a 
gaseous discharge device was also used. Briefly, the 
I^paratus, shown schematically in Fig. 1, works as 

"""^'shown in Pig. 1, a pair of electrodes 12 and 
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14 are provided spaced apart with a spark gap distance 
between them. The spark gap distance is bridged by a 
drop of water 16. The end of each of the electrodes 
12 and 14 is connected to one terminal of a high 
voltage capacitor 18, with one of the terminals being 
connected through a switch 20. After the capacitor 18 
is charged and when the switch 20 is closed, high 
voltage electrical energy is transferred from the 
capacitor 18 to create a potential between the 
electrodes 12 and 14. if the potential is 
sufficiently high, in the order of several kilovolts, 
a spark will bridge the gap between the electrodes 12 
and 14 . The electrical spark bridging the electrodes 
12 and 14 instantly vaporizes the water vapor droplets 
16. The expanding shock wave created by the instant 
vaporization of the water droplet 16 propagates 
radially outward in all directions. Previously placed 
within the zone which is affected by the Shockwave is 
a carrier sheet 22. The carrier sheet 22 has 
previously been coated with a number of tiny carrier 
particles 24. The carrier particles 24 are of very 
dense material, preferably an inert metal such as 
gold, and are of an extremely small size, on the order 
of a fraction of a micron to a few microns in size. 
The carrier particles 24 are of dense material so that 
they will readily retain momentum and are sufficiently 
small sized so that they are small in relation to the 
cells of the organism which they are intended to 
immunize. It has been found that carrier particles of 
a size of a few microns can enter living cells, by 
penetrating the cell walls thereof, without unduly 
adversely affecting the ability of most of the living 
cells to survive. in other words, the carrier 
particles can enter living cells without killing them. 
The carrier particles in an apparatus such as that 
shown in Fig. i are also coated. The carrier 
particles 24 are coated with a peptide, or protein, 
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Which is intended to be inserted into the living cells 
of the target organism. * i 

in the general scheme of the apparatus of Frg. 1, 
the carrier sheet 22 is propelled upward by the 
expanding shock wave from the vaporization of the 
!ater droplets 16. The carrier sheet travels upward 
until it impacts a retaining screen 26 which, as its 
name implies, is simply a rigid metall c screen 
intended to retain the carrier sheet 22. when the 
carrier sheet 22 hits the retaining screen 26, it 
carriex ^ ^ ^-1= carrier particles 

stops. However, the momentum of the carrier p 
24 carries them upward from the retaining sheet 26 
ilto the target organism 28 . The target organism is 
the biologicL organism, tissue or cell culture into 
Tich it !s desired to transfer the genetic material 
coated onto the carrier particles 24 . „,„i^,„ 
y^.n delivering peptide-coated carrier Pa"icles 
into animal sKin, it is desirable to 
the target area. This is readily accomplished by 

Shaving or ---^„-%::Ta:g:f LrararelLoughly 
depilatory treatment, tne tary= 

rinsed with water. 

,-o deliver peptide-coated 
The force needed to dexivex 
parties into skin cells depends upon the particular 
target animal and upon the selected target 
Porces comparable to those used in the " ^^/^''^'^ 

DKA-coated carrier particles into ->^- 
appropriate for use in the present '^^>^°^-^^ 
example, when using an electric discharge -type 
exampl , <,eils is accomplished at 

apparatus, delivery ^ . ^ v,, t-r^ i a kV for 

discharge voltages in the range of IS " 

<-if ordinary sKiiJ. m cne 
mice and for primates. One or orai««x y 
:« will recognize that through routine optimization, 
art will r 9 delivery into human 

TTJ.n Z tlZ7j. It is likely that the force 

essary to deliver protein-coated Pa-i= 
human skin will approximate the force needed for 
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delivery into primates. 

Using this method, an immune response can be 
induced in a mammalian animal having a functional 
immune system. The method will find particular 
applicability as a method for vaccinating humans 
Because of the many similarities between the immune 
systems of humans and rodents, and the convenience of 
rodents, particularly mice, as laboratory animals, 
rodents are a second desirable target animal as a 
model for human treatment. it is also envisioned that 
the present method will be useful in the production in 
experimental animals of antisera and of antibody- 
producing B-cell clones having desired specificity for 
generating hybridomas. 

in the examples below, the efficacy of the method 
of the present invention is demonstrated by comparison 
in side-be-side tests with peptides delivered in 
Freund's adjuvant into test animals. The results 
demonstrate that similar levels of antibody can be 
achieved using the accelerated particle delivery 
method as compared to injection with Freund's 
adjuvant, but injection with Freund's fails to 
engender the cytotoxic response that delivery by the 
present .invention engenders. Since delivery with 
Freund's is unsuitable for use with humans, the method 
of the present invention offers a methodology that is 
not only superior to the standard method but is also 
more suitable for transition from animal models to 
human applications using similar protocols. 

Delivery of an amount of the peptide effective to 
xnduce a humoral or a cytotoxic response in the target 
mammalian animal may be achieved by priming the animal 
with an initial amount of peptide and then boosting 
the animal at least once according to an empirically 
determined regimen. For some antigens, as the HIV gp 
120 peptide, it has been found that a single dose, 
I.e. the prime, is all that is required to induce a 
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cytotoxic cellular response. A regimen effective to 
induce immune responses against a particular influenza 
antigen is also shown in the Examples. It is not 
believed that there is anything so distinctive about 
5 the tested peptides that would prevent generalizing 
the method to other immunogenic peptides. 

one of ordinary skill would be readily able to 
formulate a regimen appropriate for another 
immunogenic peptide using standard protocol -design 
10 methods. variables one would need to consider in 

devising a delivery regimen would include the size and 
antigenicity of the peptide, or combination of 
peptides, the amount of peptide per delivery, the time 
between priming and boosting and the period of latency 
preceding the appearance of immune responses. Each of 
these variables could have an impact, separately or in 
combination, upon the extent of the immune response 
induced. Presumably, by carefully adjusting the 
delivery regimen to take these variables into account, 
one can optimize the process to achieve a suitably 
strong immune response in an acceptably short time 
period. 

in designing a regimen for human vaccination, 
preliminary design efforts could be performed in a 
closely related model species having an immune system 
comparable in sophistication to the human immune 
system. Suitable model mammalian species could be 
selected from the rodent or primate orders. 

After delivery, induction of humoral and cellular 
immune responses are monitored using known techniques. 
For example, antibody concentration is readily 
determined using standard enzyme immunoassays. T- 
lymphocyte cytotoxicity may be monitored in 
experimental animals and in humans using standard CTL 
chromium- release or other assays. Other methods for 
monitoring the specific immune response may also be 
used. 
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Although it was hoped that the intracellular 
delivery of peptides would facilitate the development 
of a CTL response, the precise nature of the induction 
of humoral and cytotoxic immune responses by the 
disclosed method is not, at present, known. However, 
It is clear from the accompanying experimental data 
that both responses are induced by the method without 
the use of carrier protein or adjuvant. 

Furthermore, while it is an advantage of this 
method that both cellular and humoral immune responses 
can be induced, success and desirable results can be 
achieved in certain cases by inducing either response 
but not both. Therefore, the invention is not to be 
limited to cases where both responses are induced. 

The present invention will be more fully 
understood by reference to the following examples, 
which are intended to be merely exemplary of the 
invention. In the examples, mice have been used as a 
model recipient for an immunogenic peptide. Mice and 
other rodents are standard models for human immune 
responses . 



EXAMPLES 

1. Preparation of Peptide Samples for Delivery. 
A peptide having the amino acid sequence of 
TYQRTRALV that resembles a portion of the influenza 
nucleoprotein (NP) was purchased from the Peptide 
Laboratory, Inc. (Berkeley, CA) . This peptide 
sequence is presented as SEQ ID NO: l. 

The peptide was suspended at a concentration of 
10 /xg//xl of 100% ethanol. 25 /.I of this peptide 
solution was mixed with 10 mg of gold powder of 1-3 ^ 
diameter. The mixture of gold powder and peptide was 
dried under a stream of nitrogen gas. The dried 
beads, now coated with the peptide, were resuspended 
in ethyl acetate to a total volume of 3 ml. To 
thoroughly and evenly resuspend the coated gold, large 
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clumps were broken up with a pipette tip and then the 
suspension was sonicated in a water bath at 16-0 unt.l 
the particles were uniformly suspended. Finally. 163 
^,1 of this gold/peptide suspension was layered gently 
5 onto 1.8 cm by 1.8 cm Mylar sheets. After the 

particles settled from the suspension, the meniscus 
was broken and the Mylar sheet was air dried. 

An unrelated peptide having the amino acid 
sequence of NH,-Arg-Ile-Gln-Arg-Gly-Pro-Gly-Arg-Ala- 
Phe-Val-Thr-Ile-Gly-Lys. originally obtained from the 
HIVgpl20 protein, was also coated onto gold powder in 
the same manner as was described above. To determine 
the extent of peptide loading onto the gold, a 
tritiated (H^) version of the HIV peptide was carried 
through the loading procedure, and the number of bound 
counts was determined. From this analysis, it was 
determined that each carrier sheet contained 
approximately 5 of peptide. The tritiated peptide 
assay indicated that only about one-third of the 
amount of the peptide added to the gold beads 
ultimately remained bound to the carrier sheet. It 
was assumed that the loading rate of the 
peptide onto the gold particles was comparable to that 
of the HIVgpl20 peptide. 
25 2. Sample delivery. 

BALB/c mice were anesthetized with 350 ^1 of 
Ketamine/Xylazine solution (5 g/1 Ketamine, 1^2 g/1 
xylazine) . Abdominal target areas were shaved then 
were treated with depilatory (Nair. Carter-Wallace 
3 0 NY) for 2 minutes to remove residual stubble and the 
stratum corneum. and rinsed with water. 

The coated Mylar sheets described in the previous 
section were loaded into an ACCELL particle 
acceleration instrument (Agracetus, Middleton. 
35 Wisconsin) for delivery. At each priming and boost 
inoculation, each mouse was treated with two coated 
sheets for a total of approximately 10 ^g of peptide 
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per treatment. Mice in this study were treated with 
gold powder either coated with the influenza NP 
peptide or coated with the HIVgpi20 peptide. 

A separate control procedure using standard 
immunization protocols was also carried out in the 
same experiment. In the standard inoculation 
procedure, the peptide was mixed with Freund's 
Complete Adjuvant (FCA) . 3.0 ml of a 200 ^g/ml 
solution of either the influenza or HIV peptide in 
100% ethanol were added to 1.5 ml of phosphate 
buffered saline and 1 . 5 ml of FCA. BALB/c mice were 
each inoculated with lOO ^1 of this mixture on day o 

Before inoculation, a serum sample was taken from 
each mouse, a portion of each group of mice were 
boosted using the same procedure (injection or 
particle-mediated peptide delivery respectively) at 
28 days and at 42 days post inoculation. Mice being 
studied in the control immunization protocol were 
boosted with 100 Ml of the appropriate peptide with 
Freund's Incomplete Adjuvant, in the same relative 
concentrations as were described in connection with 
the original inoculation. Thus all mice received 
approximately 10 of peptide per immunization. 

The generation of an anti-NP peptide -specific 
immune response was monitored at 14 days, 42 days and 
56 days after initial inoculation. On each of these 
days, three mice of each group were tested for 
production of NP peptide-specif ic cytotoxic T- 
lymphocytes (CTL) and also for antibody production. 
In each experiment, at least one naive (uninoculated) 
mouse was also tested. 
3 . Test for CTL. 

The cytotoxic T- lymphocyte protocol was a 
standard assay using mouse spleen cells. Mice were 
sacrificed by co^ inhalation and their spleens were 
removed aseptically. The spleens were placed in 
sterile 60 mm petri dishes with 3.0 ml of RPMI 1640 
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culture medium plus 10% heat inactivated fetal bovine 
serum and 0.05 mg/ml gentamycin. The spleens were 
minced into fine pieces using sterile scissors and 
were extruded through a 70 micron pore size nylon mesh 
5 cup (Falcon) into a 50 ml sterile polypropylene tube 

The petri dish and the nylon mesh cup were washed with 
10 0 ml of the RPMI 1640 plus 10% FBS plus gentamyc:Ln 
medium. The splenocytes were centrifuged at 1500 RPM 
for 5 minutes and the supernatant was discarded The 
pellet was resuspended in sterile Ack lysis buffer 
(0.15 M NH,C1, 1.0 mM KHCO3, 0.1 mM Na.EDTA, pH 7 2- 
7 4) to remove red blood cells using approximately 5 
ml per spleen. The spleen cells in Ack lysis buffer 
were incubated at ambient temperature for 5 minutes 
15 with occasional shaking. Heat inactivated RPMI plus 

10% FBS was added to fill the tube and it was spun for 
10 minutes at 300 x g to pellet the cells. The pellet 
was resuspended in 10 ml of the RPMI medium. 
Approximately 1.5 x 10« splenocytes were obtained from 

20 each spleen - , 

stimulator splenocytes from untreated mice were 

used to activate the responder splenocytes ^^^^^^^ 

from immunized mice in sensitization medium (SM) . SM 

was made from RPMI 1640 plus 10% FBS plus 0.05 mg/ml 

25 gentamycin, 1 mM sodium pyruvate, nonessential amino 
acids, and 10 units/ml rat IL-2. 

Stimulator splenocytes were prepared as follows. 
The cells at 1 x 10' per ml were exposed to mitomycin C 
at 25 Mg/ml for 20 minutes at 37-0 in a 5% CO, 

• Har-k The cells were resuspended 

■^0 atmosphere in the aarK. inc 

ju at.in«JBHx .^K c:n ml of the RPMI medium, 

and were washed 3 times with 50 ml ot tne Kt- 
After each wash, the cells were centrifuged at 300 x g 
for 5 minutes. The peptide was dissolved at a 
concentration of 1.0 mg per 100 ^1 of DMSO and then 10 

35 Ml of this solution was added to 10 ml of SM medium 

making the final peptide concentration approximately 1 
X 10-^ molar for both peptides. 
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The stimulator and responder splenocytes were co- 
xncubated in T25 flasks for 6 days at 370C in a 5% CO 
atmosphere in 10 ml of SM. ' 

A chromium release assay was employed to measure 
the ability of ia_vit£2- stimulated responder cells to 
lyse peptide -pulsed P815 cells (TIB64, ATCC). 
Effector cells were harvested from the culture flasks 
and put into 96-well round-bottom culture plates at 
varying numbers of viable cells per well (to achieve 
varying eff ector : target cell ratios). The P815 cells 
were labeled with "Cr by adding 0.1 mCi of 
radiolabeled sodium chromate (NEN) in 0 . 2 ml of normal 
saline to an aliquot of cells in 0 . 1 ml of the RPMI 
medium. The P815 target cells were incubated with the 

Cr for 1 hour at 370C and then washed three times 
with the RPMI medium. The cells were pelleted and re- 
suspended at a concentration of 1 x lOVml in the rpmi 
medium with the influenza NP peptide at ixlO- M. The 
target cells were peptide pulsed for 1 hour at 370c 
Without further washing, radiolabeled, peptide -pulsed 
target cells were added to the effector cells in the 
96 well culture plate at 1x10* cells per well in 0 1 ml 
of the RPMI medium. After 4 hours incubation at 370C 
the 96-well plates were centrifuged and O.l ml of each 
cell supernatant was subjected to liquid scintillation 
counting to measure lysis induced by the responder 
cells. The percent of specific lysis of labelled 
target cells for a particular effector cell sample was 
calculated as follows: 

(Maximum "Cr release - control "Cr release) 
The control "Cr release is the amount of radioactivity 
released from target cells that receive no effector 
35 cells. The maximum chromium release is the amount of 
radioactivity released after complete lysis of target 
cells brought about by the addition of 1% Triton X- 
100. The following results were obtained. The lack 
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of response of cells from the gp 120-treated mice 
demonstrates the specificity of the induction. 

TABLE 1 

«^-r,r»-r^ TVCTQ OF TARGET CELLS PULSED WITH 

lanmnisatian 

nsed for Nietlisaa 



10 


Influenza 
NP 


accelerated 
particle 


14.3 
12.7 
28.0 


24.3 
38.1 
9.9 


0 . 6 
2 . 9 
1.8 






convent ional 
injection 


-3.5 
-3.6 
-9.1 


1.1 
-0.6 
1.3 


-1.7 
-1.7 


15 


HIV 
gp 120 


accelerated 
particle 


-2.5 


-2.7 
-1.1 
-1.7 


-1 . 9 
-1.6 
-0 . 9 






conv . 
injection 


-1.5 


-0.6 
-1.4 
-1.7 


-2.1 
-0 . 6 
-1.7 


20 


No 




-4.7 
1.3 


-1.6 
-1.3 


-1.9 
-1.8 



^Each number represents the average percent specific 
lysis for a single mouse. 

4. Antibody Production. 

-1 ^ii«r.t-erf from each mouse berore 
The blood samples collected rrom cc . ^ , 

xne Dx« f _ and 56 were centrifuged 

inoculation and on days 14, 42. and 

at 2000 X g for 5 minutes in serum -P^^^^^^f . 
.Microtainer tubes) . Serum samples -red at^ 

30 20OC before analysis. The wells of ^^J^ ^^^^ 

EIA/RIA plates (Costar) were --^^^^ ^^^^ extraction 

particles that had P-vxously been lysed 
buffer (0.5 M Tris-HCl, pH 7.5-7.8, 0.6 M K 
Triton XlOO) . The virus particles were lysed at a 

hemagglutination ' * «^„=3""^""^,,^ „i,h PBS 

temperature, the extraction buffer was dilut 
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to 5.0 ml. Each well received 50 /zl of viral extract 
that contained 200 HA units. After overnight 
incubation, the supernatant, containing any unbound 
viral antigen, was aspirated and the plates were washed 
5 3 times with PBS plus 0.025% Tween-20 (BioRad) The 

wells were then blocked with 300 m1 per well of 2% skim 
milk powder (Carnation) in PBS for l hour at SV-c and 
then washed 3 times with PBS/Tween-20 . Serum samples 
were diluted serially in PBS/Tween-20. Aliquots (50 ul) 
10 of serially diluted serum samples were added to 

individual wells and plates were incubated overnight 
The plates were then washed 3 times with PBS/Tween-20 
A 1:1500 dilution of a goat anti-mouse IgG (H+L) 
alkaline phosphatase conjugate (BioRad) in PBS/Tween-20 
15 was added at 50 ^1 per well and plates were incubated 

p^Li.""""" ""^^ """" "^^^-'^ 3 with 

PBS/Tween-20. Alkaline phosphatase substrate BioRad 

(100 was added and plates incubated for 30 minutes 

at room temperature. Color development was stopped by 
20 adding lOO m1 of 0.4 normal NaOH and the plates were 
read at 405 nm. Tables 2 and 3 demonstrate that 
antibody production after delivery of biologically 
active peptides by particle acceleration is similar to 
the antibody production after classical inoculation 
25 using Freund's adjuvant. 

5. Protection From Lethal Virus Challenge. 
Gold particles coated with killed influenza virus 
were used in an attempt to immunize mice against a 
lethal flu virus challenge. A killed virus preparation 
30 was made by lysing flu virus strain A/PR/8/34 with the 
same solution of Tris-HC1,KC1 and 0.5% Triton XlOO 
solution as described in example 4. viral proteins 
corresponding to approximately 14,500 HA units were 
speed vacuum dried onto lO mg of 0.95 m diameter gold 
35 particles. Acetone (1.0 ml) was added, and tubes were 
sonicated and vortexed to break up aggregates. 

To prepare cartridges for use with the gaseous 
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aisch,rge particle acceleration device =1"-^ °^ 

protein-coated gold in acetone was asperated into a 

Horizontal length of Teflon tubing. After 5 ..nutes 

the Virus-coated gold particles had settled, and the 

•J The tubing was then dried with a 
acetone was removed. The tuning 

gentle stream of N, gas. For assay and peptide 
l!litery, the tubing was cut into l/^" lengths. Three 
Z2- 1^9ths were assayed by the Bradford protein assay 
to correlate HA units with absorbance units, and the 
three tubes were determined to have 256, 432, and 4S6 HA 
units, respectively^ ^^^^ 

the remaining x/^ xenyi. . ^ 

TV df>liverv device based on a 

immunize the mice- A gene delivery 

compressed gas passing through the ^"-^"^ 
mice were primed on day 0 by delivery of killed virus 
Tated gold particles at two abdominal ^^^^l^^T 
on day 31 by a similar treatment at ^^^^^^^^ 
sites on day 40, blood samples were collected for 
antibody determination. One mouse had an -""""^ 
, antibody titer of 1/SOO by E.ISA <same — V descr bed 
in example 4. . and the remaining five mice had ELISA 
titers of 1/5,000 to 1/20,000. Six mice were left 
untreated, to serve as non- Immunized ^"■'"f ^ . 

on day 62 following the initial immunization, the 
, six immunized and the six non-immunized J" ^ 
Challenged with a normally ^-hal dose < 00 p a^e 



35 



challengea wiuii « 

forming units, of the same virus strain f 
vaccinations. As shown in Figures 2, 3 and 

. J -^^ =n rfeveloped severe symptoms ana 
non- immunized mice all develope 



non-immunizea uixw^ — * ^jii-h 

died within 10 days, only X of 6 mice "^'^^^ 
.he protein/gold preparation had temporary ""^ht loss 
and mild symptoms, while the remaining 5 vaccinated mice 
retained arymptomatic throughout the "P--^^ J , 
Shows weight loss --°--^;ne^: "rerear6/6 L- 

immunized mice ""^^^/^^^^^ "f^ro/thlir weight. No 
immunized mice lost at least jo. , . 3 

„ice remained alive by day 10 post -challenge. Fig. 
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15 



25 



30 



shows symptom scores following virus challenge. A score 
of 0 indicates no symptoms, while 5 denotes death. 
Intermediate symptoms were rated as +1 (least severe) to 
+4 (most severe) . Only i mouse in the vaccinated group 
5 temporarily had symptoms at the mildest (+i) level. 

Fig. 4 shows the percent of mice surviving at various 
times after virus challenge. 

This protection was most likely due to the delivery 
of viral proteins to the vaccinated mice, although a 
10 contribution of the virus' RNA genome is theoretically 

possible. RNA is generally unstable, and no attempt was 
made to protect it from degradation. Moreover, the 
vaccinated mice did not become ill from the vaccination, 
suggesting that the RNA genome was not intact. 
Nevertheless, additional experiments are needed to rule 
out a possible contribution of the viral RNA to the 
protective effect observed. 

TaJcen together, the data accumulated in these 
examples indicate that while the classical inoculation 
protocol is adequate to induce an antibody response, no 
comparable cytotoxic cell -mediated immune response 
arises. In contrast, delivery of biologically active 
peptides by particle acceleration can induce both 
humoral and cell -mediated immune responses. Given that 
inoculation by accelerated particles is very rapid and 
easy, does not require adjuvants, and that it offers 
advantages for long term storage of samples, these 
results demonstrate the desirability of inducing both 
humoral and cytotoxic immune responses in mammalian 
animals by particle acceleration, and suggest the 
ability to deliver effective peptide vaccinations and a 
range of immunogenic agents using this technology. 
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TABLE 2 

Antibody Responses to 9-Amino Acid Flu Peptide 

Accell® Injection with 

^M.^'S^^uvant), Frennd-s Adjuvant 

0/9* 1/8M400)** 

5 Prime only 

P,i„e*l boost 1/6 (200) l/^""") 

Prime * 2 boosts 3/3(200,800.200) 1/2(400) 

. Number of mice with detectable antibody/total number 

10 ..|lcTp?Sca?"!?ers £or mice having detectable 

antibodies . 



Table 3 

Antibody Responses to Human Alpha 1 Anti-Trypsin Protein 



15 



Prime only 
Prime + 1 boost 



Accell® 
(No Adi ^ivant) 

4/4(350,375, 
210, 250) 

4/4 (9500, 9500, 
6500, 5500) 



Injection with 
PT-f^und^ g Afi-iuvant 

4/4 (1425,24000, 
1425, 400) 

4/4 (10000, 50000, 
18000, 3800) 
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(A) ORGANISM: Influenza virus 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

Thr Tyr Gin Arg Thr Arg Ala Leu Val 
1 ^ 
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CLAIMS 



1. A method for inducing in a mammalian animal 
both humoral and cytotoxic immune responses, the method 
comprising the steps of : 

coating copies of a peptide that comprises an 
immunogenic determinant onto the surface of a plurality 
of particles that are sufficiently small and of 
sufficient density to be delivered with adequate 
momentum directly through a cell membrane- 
accelerating into target skin cells of the 
mammalian animal an amount of the coated particles 
effective to induce in the animal an immune response 
specific to the determinant of the peptide, wherein the 
accelerating step comprises a prime and at least one 
boost ; 

detecting the induction of both humoral and 
cytotoxic immune response in the mammalian animal. 



2. The method as claimed in Claim l wherein the 
mammalian animal is a rodent . 



3. The method as claimed in Claim 1 wherein the 
coating step comprises the step of chemically binding 
the copies of the polypeptide to the particles. 
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4 The method as claimed in Claim 1 wherein the 
accelerating step further comprises the steps of: 

placing the coated particles onto a planar carrier 

5 '"""'iccelerating the carrier sheet toward the target 

skin cells; and 

stopping the carrier sheet while permitting the 
coated particles to travel on toward the target skin 

cells . 

5 The method as claimed in Claim 4 wherein the 
carrier particles are accelerated under the force of a 

gaseous discharge. 



The met 



.thod as claimed in Claim 4 wherein the 

^ . r.= v-i-ioles are accelerated under the force 
carrier sheet particles are 

15 of an electric discharge. 

7 The method as claimed in Claim 1 wherein the 
detecting step comprises an ELISA assay. 

8 The method as claimed in Claim 1 wherein the 
detecting step comprises an assay for measuring 

20 proliferation of T- lymphocytes . 
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9 . 



A method for inducing in a mammalian animal 
both humoral and cytotoxic immune responses, the method 
comprising the steps of: 

coating copies of a peptide having less that 
fifteen amino acids and that comprises an immunogenic 
determinant onto the surface of a plurality of particles 
that are sufficiently small and of sufficient density to 
be delivered with adequate momentum directly through a 
cell membrane; 

accelerating into target skin cells of the 
mammalian animal an amount of the coated particles 
effective to induce in the animal an immune response 
specific to the determinant of the peptide, wherein the 
accelerating step comprises a prime; and 

detecting the induction of both humoral and 
cytotoxic immune response in the mammalian animal. 



10. A method as claimed in Claim 9 further 
including a second boost step of delivering an 
additional quantity of coated carrier particles into the 
20 animal. 



11. The method as claimed in Claim 1 wherein the 
peptide has multiple antigenic determinants. 



12. The method as claimed in Claim i wherein the 
peptide is a whole, inactivated virus. 
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